
PP'X M^K^ INTELLECTUAL PROPERTY ORGANIZATIOh^^P 

Intemational Bureau 

INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 
G05D 7/01, F16K 17/30 



Al 



(11) International Publication Number: WO 99/46652 

(43) Intemational Publication Date: 16 September 1999 (16.09.99) 



(21) Intemational Application Number: PCT/US99/0S225 

(22) International FUlng Date: 10 March 1999 (10.03.99) 



(30) Priority Data: 
60/077.806 



12 March 1998 (12.03.98) 



US 



(71) Applicant: FLOW DESIGN. INC. [US/US]; 8908 Govcmore 

Row. Dallas, TX 75247-3798 (US). 

(72) Inventor: WEBER, Robert, T.; 6138 Desco Drive, Dallas. TX 

75225 (US). 

(74) Agent: WILLIAMS, Bradley, P.; Baker & Botts, L.L.P., 2001 
Ross Avenue. Dallas. TX 75201-2980 (US). 



(81) Designated States: AE, AL, AM, AT. AT (Utility model), AU 
AZ, BA, BB. BG. BR, BY. CA. CH, CN. CU, CZ. CZ 
(Utility model), DE, DE (Utility model), DK. DK (Utility 
model). EE, EE (Utility model), ES, FI, FI (Utility model). 
GB, GD. GE, GH, GM, HR. HU. ID, IL, IN, IS. JP. KB, 
KG. KP, KR, KZ. LC LK, LR. LS, LT. LU, LV, MD. MG, 
MK, MN, MW, MX. NO, NZ, PL, PT, RO, RU. SD. SE. 
SG, SI, SK, SK (Utility model), SL. TJ. TM. TR. TT, UA. 
UG, UZ, VN, YU. ZW, ARIPO patent (GH. GM, KE. LS. 
MW. SD. SL. SZ. UG. ZW), Eurasian patent (AM, AZ, BY, 
KG. KZ, MD. RU. TJ, TM). European patent (AT, BE. CH. 
CY. DE. DK, ES, FI. FR. GB. GR. IE, IT. LU. MC. NL. 
PT. SE), OAPI patent (BF. BJ. CF. CG. CI. CM. GA. GN. 
GW. ML, MR, NE, SN. TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) TiUe: METHOD AND APPARATUS FOR REGULATING AND TERMINATING FLUID FLOW 
(57) Abstract 

A fluid valve for controlling flow of a fluid from an 
up^hieam mi-vcii tc- 9 downstream region includes a housing 
having a uuir^ Jaid entry member having a sidewall, and 

a shut-off ,acri..ucr associated with the housing. The sidewall 
and the fluid entry member is formed with at least one regulating 
aperture for receiving fluid from the upstream region and a 
second aperture for receiving fluid from the upstream region. 
The fluid entry member is movably disposed within the housing 
such diat the at least one regulating aperture has an efTective 
area exposed to the upstream region diat decreases as a pressure 
differential between the upstream region and the downstream 
region increases. The shut-off member is associated with 
the housing and the fluid entry member such that fluid flow 
through the second aperture is prevented when the difference in 
fluid pressure between the upstream region and the downstream 
region exceeds a desired value. 
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METHOD AND APPARATUS FOR REGULATING 
AND TERMINATING FLUID FLOW 

TECHNICAL FIELD OF THE INVENT TON 

This invention relates generally to fluid valves and 
more particularly to a method and apparatus for regulating 
and terminating fluid flow. 

BACKGROUND OF THE INVENTION 

Constant flow rate control valves have numerous 
applications in piping networks. For example, in a 
building air conditioning and heating system, water or 
other liquid at an appropriate control temperature is 
pumped from a central station through a piping network to 
various heat exchange units located throughout the 
building. Some of these heat exchange units are located 
relatively close to the central station while others are 
located much farther away. The fluid pressure applied 
across inputs and outputs of the respective heat exchange 
units varies widely because of factors such as frictional 
losses inherent in the. flow of the liquid through the 
piping network and the distances the liquid must travel. 
To provide a constant flow rate in each branch of the 
network, constant flow rate control valves may be used. 

A constant flow rate control valve provides a 
relatively constant fluid flow through the valve for 
varying pressure differentials. Therefore, constant flow 
rates within various branches of a piping network may be 
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maintained even in the existence of varying fluid pressures 
wxthm the branches. One example of a constant flow rate 
control valve is described in U.S. Patent Application 
5,174,330, assigned to Flow Design, Inc. The '330 Patent 
describes a constant flow rate control valve that provides 
a constant flow rate for varying pressure differentials by 
regulating the amount of flow area through which fluid may 
flow. The regulation of the amount of flow area is 
performed by providing apertures in a portion of the device 
that are covered as the pressure differential increases 
Such devices conventionally provide a relatively constant 
flow rate over a range of pressure differentials; however 
they do not regulate flow for pressure differentials in 
excess of that range. Therefore, after a maximum pressure 
differential is exceeded, flow continues to flow 
unregulated and increases with increasing pressure 
differential . 

A previously unrecognized problem with a valve 
continuing to provide increasing flow rate after a maximum 
pressure differential is reached, is that whenever the 
maximum pressure is exceeded, no flow is likely to be 
desired, rather than unregulated flow. For example, a 
constant rate control valve may be used to regulate flow of 
gasoline from a storage area to an output nozzle, such as 
used in gas stations. If for some reason, a conduit 
connecting the storage tank to the nozzle were to rupture 
or become flawed on the downstream side of such a control 
valve, the resulting loss in pressure in the downstream 
region would cause an increase in pressure differential 
across the valve, if such an increase exceeded the maximum 
pressure differential of a constant rate control valve, the 
rate of fluid flow through the valve and to the ruptured 
conduit would increase, and the gasoline would exit the 
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ruptured conduit. Such flow of gasoline is dangerous. 
Therefore, in this example/ after a maximum pressure is 
reached, it is desirable to prevent flow through the 
constant flow rate valve. 

SUMMARY OF THE TNVKNTTOM 

Accordingly, a need has^ arisen for an improved method 
and apparatus for regulating and terminating fluid flow. 
The present invention provides a method and apparatus for 
regulating and terminating fluid flow that addresses 
shortcomings of prior apparatuses and systems. 

According to one embodiment of the invention, a fluid 
valve for controlling flow' of a fluid from an upstream 
region to a downstream region includes a housing having a 
fluid exit, a fluid entry member having a sidewall, and a 
shut-off member associated with the housing. The sidewall 
and the fluid entry member is formed with at least one 
regulating aperture for receiving fluid from the upstream 
region and a second aperture for receiving fluid from the 
upstream region. The fluid entry member is movably 
disposed within the housing such that the at least one 
regulating aperture has an effective area exposed to the 
upstream region that decreases as a pressure differential 
between the upstream region and the downstream region 
increases. The shut-off member is associated with the 
housing and the fluid entry member such that fluid flow 
through the second aperture is prevented when the 
difference in fluid pressure between the upstream region 
and the downstream region exceeds a desired value. 

According to another embodiment of the invention, a 
method of regulating fluid flow between an upstream region 
and a downstream region includes providing a fluid entry 
member having at least one regulating aperture exposed to 
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the upstream region and also having a second aperture. The 
method also includes decreasing the area of at least one 
regulating aperture that is exposed to the upstream region 
as a pressure differential between the upstream region and 
the downstream region increases. The method also includes 
blocking any flow of fluid through the second aperture when 
the pressure differential between the upstream region and 
the downstream region exceeds a predetermined level. 

Embodiments of the invention provide numerous 
technical advantages. For example, in one embodiment of 
the invention, a constant rate control valve is provided 
that terminates fluid flow upon experiencing a pressure 
differential in excess of a predetermined pressure. Such 
a device may prevent the unwanted discharge of fluid in 
situations in which such discharge may be dangerous. 

Other technical advantages are readily apparent to one 
skilled in the art from the following figures, 
descriptions, and claims. 

BRIEF DESCRTPTTOM o p THP. HRI^ IiyTMr^c 

For a more complete understanding of the present 
invention and the advantages thereof, reference is now made 
to the following descriptions taken in connection with the 
accompanying drawings in which: 

FIGURE 1 is a schematic diagram illustrating the use 
of a constant flow rate control valve incorporating the 
teachings of the present invention in a piping system; 

FIGURE 2 is a sectional view cut along a center axis 
of a constant flow rate valve according to the teachings of 
the present invention; 

FIGURE 3 is a diagrammatic view of a portion of the 
control valve view of FIGURE 2 showing apertures in a 
sidewall of the control valve; 
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FIGURE 4 is a sectional view cut along a center axis 
of the constant flow rate valve of FIGURE 2 and positioned 
within a conduit of FIGURE 1 in an open position, showing 
the fluid flow paths through the valve; 

FIGURE 5 is a sectional view cut along a center axis 
of the constant flow rate valve of FIGURE 2 and positioned 
within a conduit of FIGURE 1 in a closed position; and 

FIGURE 6 is a graph of the flow rates through the 
constant flow rate valve of FIGURE 2 for a range of 
pressure differentials across the valve. 

DETAILED DESCRIP TION OF THE INVENTIOKT 

Embodiments of the present invention and its 
advantages are best understood by referring to FIGURES 1 
through 6 of the drawings, like niamerals being used for 
like and corresponding parts of the various drawings. 

FIGURE 1 is a schematic diagram illustrating the use 
of a constant flow rate valve 22 incorporating the 
teachings of the present invention in a piping system 10. 
Piping system 10 includes a fire protection loop 12. Fire 
protection loop 12 includes a large capacity pipe for 
carrying water for use in fighting fires. Water within 
this loop may also be used in connection with heating and 
cooling of a building. For example, a plastic water 
conduit 14 provides water to an air conditioning unit 16. 
A check valve 18 may be used to provide water to a chiller 
through conduit 20. Constant flow rate valve 22 may be 
incorporated within plastic water conduit 14 for regulating 
fluid flow from pipe 12 to air conditioning unit 16. 

According to the teachings of the present invention, 
constant flow rate valve 22 regulates fluid flow within, 
for example, plastic water conduit 14 and maintains a 
substantially constant flow rate to, for example, air 
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conditioning unit 16 fnr a 

''^''^^ °^ pressure differentials 
between an upstream region 23 and a riou^ ^ e^entials 
„i ^. ^ ^ aownstream region 25 of 

plastic water conduit 14 m ^nnn-i^ 

valv^ 97 addition, constant flow rate 

valve 22 prevents the flow of fluid fo. 

differentials between upstream regio^ 23 and d " 
reoion 9^ ^ -region 23 and downstream 

valve ""'^ ""^^'^ rate 

v.lve 22 regulates flow within plastic water conduit 14 to 
a substantially constant flow rate. - 

The ability to prevent fluid flow in the event of 
large pressure differential.! 

valv^ 77 „ V, "'^^■""is across constant flow rate 

valve 22 n,ay be particularly advantageous in the case in 

I'ttrer""" - 

ruptures. For example, a rupture a^y occur from a fire 
in such a case, the resulting loss in pressure In 
downstream, region 25 causes an increase in 
differential between upstrea. region 23 and " 
region 2S. such an increase in preire dLfrent^T o"!: 

xc Id":,:" "°" differentials th t 

exceed the control range of constant flow rate valve 22 
The increased fluid flow would drain fluid fro„ fire 
protection loop 12. Such drainage is disadvantTgeoL 
particularly during a fire Thus n- ■ . antageous, 
Dro,HH« advantageous to 

Lgulat f, "'^ ^^^"^ ^'•^ ^oth 

regulate flow to a fairly constant rate over a range of 

preTurrf'^'^^"'"^ " — * -r 

Tf one -"-'i a given value. Details 

Of one embodiment of constant flow rate valve 22 are 

2 through 6 below. 

valve 22 t !." ' °' """-^ rate 

valve 22 cut through a center axis of the valve, and riGtmB 

J IS a diagrammatic view of a sidewall 26 Pi- 
rate ^r^^rr^ 'yo u . siaewail 26 of constant flow 
rate valve 22 showing a first regulating aperture 28 a 
second regulating aperture 3n 

percure 30, and an orifice 32. Constant 
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flow rate valve 22 includes a fluid entry housing or member 
24. Fluid entry member 24 allows fluid to enter constant 
flow rate valve 22 from an upstream region, such as 
upstream region 23 illustrated in FIGURE 1, through one or 
more apertures. In the embodiment, illustrated in FIGURE 
2, fluid entry member 24 includes a generally circular 
sidewall 26. As illustrated best in FIGURE 3, sidewall 26 
includes first regulating aperture 28, second regulating 
aperture 30, and orifice 32. As will be described in 
greater detail below, regulating apertures 28, 30, and 
orifice 32 allow fluid to flow from an upstream region, 
such as upstream region 23, to a downstream region, such as 
downstream region 25, through constant flow rate valve 22. 
As a pressure differential across constant flow rate valve 
22 increases, the area through which fluid may flow through 
first regulating aperture 28 and second regulating aperture 
30 is decreased, as described in greater detail below, in 
order to maintain a relatively constant flow rate through 
constant flow rate valve 22. 

Fluid entry member 24 is movably disposed within a 
housing 36. A retainer ring 38 is provided within housing 
36 to limit axial movement of fluid entry member 24 toward 
an upstream side of constant flow rate valve 22. When no 
fluid is flowing through constant flow rate valve 22, a 
surrounding flange 40 on fluid entry member 24 is urged 
against the downstream side of retainer ring 38, toward the 
upstream side of constant flow rate valve 22, by the force 
of a partially compressed spring 42. Spring 42 is 
partially compressed between the upstream side of an end 
wall 44 of housing 36 and a downstream side of flange 40. 
End wall 44 is formed with an adjustable end cap 46. 
Adjustable end cap 4 6 includes external threads 47 for 
mating with internal threads 4 9 of housing 36. Adjustable 
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end cap 4 6, and therefore end wall 44, may be selectively 
positioned axially with respect to housing 36 by rotation 
of adjustable end cap 4 6 with respect to housing 36 at 
external threads 47 and internal threads 49. Selective 
positioning of end wall 44 allows compression of spring 42 
to a desired level. An o-ring 45 is also provided on the 
exterior of housing 36 to prevent fluid from passing around 
the exterior of constant flow rate valve 22. Housing 36 
includes a fluid exit 60 for allowing fluid to exit 
constant flow rate valve 22. ._ - . 

A shut-off member 4 8 prevents the flow of fluid into 
orifice 32 for pressure differentials that exceed the 
control range of constant flow rate valve 22. The cont^rol 
range of constant flow rate valve 22 is the range of 
pressure differentials between upstream region 23 and 
downstream region 25 over which the flow of fluid through 
constant flow rate valve 22 is substantially constant. In 
the embodiment illustrated in FIGURE 2, shut-off member 48 
includes a flat portion 50 and a generally circular 
sidewall 52. Sidewall 52 of shut-off member 48 encircles 
sidewall 26 of fluid entry member 24. Shut-off " member 48 
may be affixed to fluid entry member 24 by, for example, a 
screw 54. Alternatively, shut-off member 4 8 may be formed 
integral with fluid entry member 24. A clearance 56 is 
provided between sidewall 52 of shut-off member 48 and 
sidewall 26 of fluid entry member 24 to allow fluid to flow 
into orifice 32 when constant flow rate valve 22 is in an 
"open" position. In a "closed" position, shut-off member 
4 8 prevents the flow of fluid through orifice 32. As 
described in greater detail below, shut-off member 48 
terminates flow of fluid through constant flow rate valve 
22 When the pressure differential across constant flow rate 
valve 22 exceeds a particular value. 



wo 99/46652 




PCTAJS99/05225 



9 

FIGURE 4 is a sectional view of constant flow rate 
valve 22 in an open position and cut along a center axis 
of the valve and positioned within conduit 14 of FIGURE 1. 
FIGURE 4 also shows the fluid flow paths through the valve. 
Fluid enters constant flow rate valve 22 through orifice 32 
in fluid entry member 24/ as illustrated by arrow 54, and 
proceeds through constant flow rate valve 22, exiting 
through fluid exit 60, as denoted by arrow 60. Fluid also 
enters constant flow rate valve 22 through regulating 
apertures 28, 30 as denoted by arrows 62. Fluid entering 
through regulating apertures 28, 30 proceeds through 
constant flow rate valve 22 and exits through fluid exit 
60, denoted by arrows 62. The above-described flow paths 
exist for pressure differentials within the control range 
of constant flow rate valve 22. For pressure differentials 
that exceed the control range of constant flow rate valve 
22, flow is terminated. Termination of fluid flow is 
accomplished by shut-off member 4 8 preventing flow through 
orifice 32, as described in greater detail in conjunction 
with FIGURE 5. 

In the existence of a pressure differential within the 
control range of constant flow rate valve 22, the 
differential pressure acting on the flat portion 50 of 
shut-off member 48 and the downstream side of fluid entry 
member 24 compresses spring 42. A greater pressure 
differential causes downstream movement of shut-off member 
48 and fluid entry member 24 within constant flow rate 
valve 22. Movement of fluid entry member 24 toward the 
downstream side of constant flow rate valve 22 decreases 
the effective area of regulating apertures 28 and 30. The 
effective area of regulating apertures 28 and 30 is changed 
as regulating apertures 28 and 30 move relative to housing 
36 and are covered by housing 36. This variation in the 
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effective area regulating apertures 28 and 30 is responsive 
to the pressure differential acting on flat portion 50 and 
the downstream side of fluid entry member 24. 

To provide a controlled rate of flow when a varying 
pressure differential exists, the area of regulating 
apertures 28 and 30 must be constantly changed to provide 
a constant flow rate condition. The size of orifice 32 is 
selected to allow passage of desired flow rate at the 
maximum pressure differential of the desired control range 
Orifice 32 is illustrated as circular; however, other 
suitable configurations may be used for orifice 32. 
Appropriate dimensions and configurations for regulating 
apertures 28 and 30, and orifice 32, are described in U S 
Patent 4,766,928 to Golestan, et al . , entitled "Constant 
Flow Rate Control Valve" and U.S. Patent 5,174,330 to 
Golestan, et al., entitled "Constant Flow Rate Control 
Valve with Low Pressure Drop start," which are both 
incorporated herein by reference. 

FIGURE 5 is a sectional view of the constant flow rate 
valve 22 in a closed position and cut along the center of 
the valve and positioned within conduit 14 of FIGURE 1. m 
a closed position, shut-off member 48 of constant flow rate 
valve 22 abuts a top portion 64 of housing 36 and therefore 
prevents any flow of fluid through orifice 32. By 
preventing flow of fluid through orifice 32, shut-off 
member 48 prevents any flow of fluid through constant flow 
rate valve 22 for pressure differentials exceeding a pre- 
defined value. 

In the illustrated embodiment, sidewall 52 extends to 
approximately top of regulating aperture 30, as indicated 
by a dashed line 66, which is also illustrated in FIGURE 3, 
to restrict fluid flow through constant flow rate valve 22 
once pressure differentials exceed the control range of 
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constant flow rate valve 22. Therefore, once the pressure 
differential across constant flow rate valve 22 is great 
enough that regulating apertures 28 and 30 are contained 
within housing 36/ sidewall 52 of shut-off member 48. abuts 
against top portion 64 of housing 36, preventing fluid flow 
through clearance 56 and orifice 32. 

FIGURE 6 is a graph of the flow rates through constant 
flow rate valve 22 for various pressure differentials 
across the valve. As illustrated, a constant flow rate is 
achieved over a range of pressure differentials. When a 
pre-defined maximum pressure is reached, which in this 
example is 25 psi, flow through the valve is completely 
shut off. Due to frictional effects, flow is not re- 
initiated until the pressure differential has dropped to, 
in this example, 20 psi. At 20 psi, shut-off member 48 no 
longer prevents passage of fluid through constant flow rate 
valve 22. Therefore, the flow rate through constant flow 
rate valve 22 returns to its regulated constant value. 

Although the present invention and its advantages have 
been described in detail, it should be understood the 
various changes, substitutions, and alterations can be made 
therein without departing from the spirit and scope of the 
present invention as defined by the appended claims. 
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WHAT r LATMFH TQ • 

1. A fluid valve for controlling flow of a fluid 
from an upstream region to a downstream region, the fluid 
valve comprising; 

a housing having a fluid exit; 

a fluid entry member having a side wall, the side 
wall formed with at least one regulating aperture for 
receiving fluid from the upstream region and a second 
aperture for receiving fluid from the upstream region, the 
fluxd entry member mpvably disposed within the housing such 
that the at least one regulating aperture has an effective 
area exposed to the upstream region that decreases as a 
pressure differential between the upstream region and the 
downstream region increases; and 

a shut-off member associated with the housing and 
the fluid entry member such that fluid flow through the 
second aperture is prevented when the difference in fluid 
pressure between the upstream region and the downstream 
region exceeds a desired value. 

2. The fluid valve of Claim 1, wherein the shut-off 
member comprises a cap affixed to the fluid entry member, 
the cap engaging the housing and preventing fluid from 
flowing through the second aperture when a difference in 
fluid pressure between the upstream region and the 
downstream region exceeds a desired value. 

3. The fluid valve of claim l, wherein the 
regulating aperture is operable to allow a substantially 
constant rate of fluid flow through the fluid valve over a 
range of pressure differentials between the upstream region 
and the downstream region. 
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4. The fluid valve of Claim 1, wherein the shut-off 
member is formed integral with the fluid entry member. 

5. The fluid valve of Claim 2, wherein the shut-off 
member is movable within the housing responsive to changes 
in pressure differential between the upstream region and 
the downstream region. 

6. The fluid valve of Claim 5, and further 
comprising an elastic member opposing, in at least one 
direction, relative motion between the housing and the 
shut-off member. 

7. The fluid valve of Claim 6, and further 
comprising an elastic member opposing, in at least one 
direction, relative motion between the housing and the 
shut-off member. 
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8. A fluid valve for controlling flow of a fluid 
fro^n an upstream region to a downstream region, the fluid 

valve comprising: 

a generally cylindrical housing having a fluid 
entrance and a fluid exit; 

a fluid entry housing having a generally 
cylindrical sidewall formed with at least one regulating 
aperture for receiving fluid from the upstream region, the 
=ide wall further formed with a second aperture for 
receiving fluid from the upstream region, the fluid entry 
member movably disposed within the housing such that at 
least one regulating aperture has a total area exposed to 
the upstream region sufficient to allow a substantially 
constant rate of fluid flow through the fluid valve over a 
range Of pressure differentials between the upstream region 
and the downstream region; and 

si^ l."" "^^^"^ ^ ^"'^ ^ peripheral 

Sidewall, the first end coupled to an end of the fluid 

entry member opposite the housing, the peripheral sidewall 

engaging the housing and preventing fluid flow through the 

second aperture when the difference in fluid pressure 

between the upstream region and the downstream region 

exceeds a desired value. 

9. The valve of Claim 8, and further comprising an 
elastxc member opposing, in at least one direction, motion 
between the housing and the cap. 

10. The valve of claim 8, wherein the fluid entry 
housing and the cap define a clearance region. 

11. The valve of Claim 8, wherein the cap is formed 
integral with the fluid entry housing. 



12. The valve of Claim 
screw coupling the cap to the 

13. The fluid valve of 
aperture is positioned closer 
one regulating aperture. 



8, and further comprising a 
fluid entry housing. 

Claim 8, wherein the second 
to the cap than the at least 
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14. A method of regulating fluid flow between an 
upstream region and a downstream region, comorising the 
steps of: 

providing a fluid entry member having at least 
one regulating aperture exposed to the upstream region and 
also having a second aperture; 

decreasing the area of at least one regulating 
aperture that is exposed to the upstream region as a 
pressure differential between the upstream region and the 
downstream region increases; and 

blocking any flow of fluid through the second 
aperture when the pressure differential between the 
upstream region and the downstream region exceeds a 
predetermined level. 



15, 



The method of Claim 14, wherein the step of 
blocking any flow of fluid comprises positioning a shut-off 
member between the upstream region and the second aperture. 

16. The method of Claim 15, wherein the step of 
blocking any flow comprises positioning the shut-off member 
xn response to changes in pressure differential between the 
upstream region and the downstream region. 

17. The method of Claim 14, wherein the step of 
decreasing the area of the at least one regulating aperture 
comprises positioning a portion of the fluid entry member 
into a housing. 

18. The method of claim 17, and further comprising 
opposing relative motion between the fluid entry member and 
the housing with an elastic member. 



19. The method of Claim 11, wherein - the step of 
blocking any fluid flow comprises positioning a shut-off 
member that is attached to the fluid entry member between 
the upstream region of the second aperture. 

20. The method of Claim 19, wherein the step of 
decreasing the area of at least one aperture comprises 
decreasing the area of at least one aperture such that a 
constant flow rate between the upstream region and the 
downstream region that is exposed to the upstream region is 
achieved over a range of pressure differentials between the 
upstream region and the downstream region. 
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